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A B S T R A C T
Objective: To determine classroom-evaluated school performance nine years after preterm birth, predicted by
perinatal risk factors and neonatal brain abnormalities.
Study design: Children were recruited from a consecutive cohort of 113 preterm infants (< 32weeks' gestation),
participating in a longitudinal prospective study, investigating brain injury and neurodevelopmental outcome.
Data on perinatal risk factors, presence of brain injury at term-equivalent age, and maternal education were
collected. Information on school performance included enrollment in special (primary) education, grade re-
petition and school results from the nationwide standardized Dutch Pupil Monitoring System regarding reading
comprehension, spelling, and mathematics.
Results: Information on school enrollment was available for 87 children (77%), of whom 7 (8%) were in special
primary education and 19 (22%) repeated a grade. This was significantly higher compared to national rates
(p≤ .05). Results on school performance were available for 74 children (65%) and showed clearly below
average scores in reading comprehension (p= .006), spelling (p= .014) and mathematics (p < .001).
Univariate analysis showed that lower performance in reading comprehension was predicted by male sex and
low maternal education; spelling by male sex; and mathematics by Bronchopulmonary Dysplasia, white matter
injury and maternal education. In a multivariate model, male sex and maternal education were predictive for
reading comprehension and white matter injury for mathematics.
Conclusion: Preterm born children more often need special primary education and have higher grade repeat
rates. They perform poorer on reading comprehension, spelling and mathematics. Regular follow-up remains
important for preterm born children during school age.
1. Introduction
About half of preterm born children suffer from academic difficul-
ties [1]. Because of this vulnerability, preterm born children are almost
three times more likely to receive any form of special education assis-
tance [2]. This can have important consequences as academic perfor-
mance is associated with long-term health and life chances [3]. A major
question for parents of a preterm infant is whether their child will be
able to follow a regular educational trajectory. However, studies in-
vestigating the relation between classroom-evaluated school perfor-
mance and perinatal factors are scarce.
Recent studies assessing academic performance have found lower
achievements in reading and spelling, and in particular in mathematics
in extreme preterm (< 28weeks' gestational age (GA)) born children
[4]. Academic functioning in children is mainly assessed by the use of
standardized achievement tests, administered in a clinically controlled
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one-on-one environment. The results can therefore hardly be compared
with school performance achieved in a regular classroom, where other
conditions such as concentration and motivation are of great im-
portance. Studies that did use other methods to assess academic per-
formance were inconclusive on the performance in reading compre-
hension and spelling, but did find poorer performances in mathematics
in preterm children [5,6].
Several perinatal factors, preterm brain injury and maternal edu-
cation are known to influence long-term cognitive development in
children born preterm [7]. Their relation to classroom-evaluated school
performance is however still unclear. One of the reasons is the diversity
in educational testing between schools. In the Netherlands, however,
due to the use of nationwide standardized testing, we have the unique
possibility to assess actual educational attainment at school. The aim of
this study was therefore to describe school performance, as assessed in a
regular classroom, in a cohort of children nine years after preterm birth
in relation to perinatal risk factors, brain abnormalities on neonatal
magnetic resonance imaging (MRI) and maternal education.
2. Methods
2.1. Participants
This study was performed as part of a larger single-center long-
itudinal prospective study on neuroimaging and outcome after preterm
birth. Participants were part of an unselected cohort of 113 very pre-
term born children (GA < 32weeks) who were admitted to the tertiary
neonatal unit of our hospital between May 2006 and November 2007.
Preterm children were eligible when they had no congenital abnorm-
alities, metabolic disorders or neonatal meningitis. All children under-
went serial neonatal ultrasound scans according to protocol and MRI at
term equivalent age (TEA) and were invited for follow-up visits with
standardized neurodevelopmental assessment at two and nine years of
age. Data on neonatal brain imaging findings and outcome at two years
of age in this cohort have been published previously [8–11]. The in-
stitutional review board approved this prospective study and parental
consent was obtained.
2.2. Outcome assessment
2.2.1. School enrollment and performance
Parents and teachers of the participating children were asked to fill
in questionnaires on the attendance of mainstream primary education,
special education or special primary education and grade repetition.
Special education in the Netherlands is intended for children with se-
vere visual impairments (cluster 1), children with severe hearing im-
pairments, problems with speech and communication (cluster 2), phy-
sical or mental retardation and learning difficulties (cluster 3) and
children with severe behavioral and/or psychiatric problems (cluster
4). Special primary education is intended for children with milder
special educational needs, who are falling behind in mainstream edu-
cation, but do not meet the criteria for special education. It is char-
acterized by smaller classes and less distraction compared to main-
stream education. In order to compare the results of the preterm
children to their Dutch peers, reference data according to the Dutch
Central Bureau for Statistics (CBS) on enrollment in special (primary)
education during the school year 2015/2016 were used [12]. Most
children in our study population were in 2015/2016 in the third grade
(year five) of primary school.
Within the Netherlands, almost all children (98%) start their school
career at age four [13]. During the first two years, children attend
preschool. They start with the first year of primary school in August
after they turned six between October of the previous year and the
following September. Some children are not ready to continue to the
first grade of primary school (third year), due to social or emotional
immaturity [6]. These children will repeat the second year of preschool.
Grade repetition also occurs if a child cannot keep up with its peers
during primary school. In order to compare grade repeat rates with
Dutch peers, reference data according to the CBS on grade repetition in
2015 were used [14].
Data on school performance were obtained directly from the chil-
dren's schools. Dutch elementary schools regularly follow the learning
achievements of children by administering standardized school
achievement tests, according to the National Institute for Educational
Measurements [15]. The Dutch National Pupil Monitoring System is
designed to compare the level of an individual child to their own de-
velopmental trajectory and to their age matched peers within the Dutch
population. The tests start in the second year of primary school at age 5
and are administered at specific time points during the school year.
Raw tests scores are converted into ability scores and based on these
ability scores, children are categorized in five levels, level A through E.
Level A contains the 25% highest performing Dutch children, level B
the other 25% of children who also perform above average, level C the
25% who perform slightly below average, level D the 15% of children
performing clearly below average and level E are the 10% lowest per-
forming children. For this study, the test results at the end of the third
grade were obtained for reading comprehension, spelling and mathe-
matics.
2.2.2. School performance in relation to perinatal risk factors, brain injury
and maternal education
To investigate whether subgroups of preterm infants were more
likely to develop problems in later school performance relevant peri-
natal and maternal data from the original database were obtained and
neonatal MRI scans were reviewed. Perinatal risk factors included the
child's sex, GA at birth, small for gestational age (SGA), postnatal sepsis,
necrotizing enterocolitis (NEC) and bronchopulmonary dysplasia
(BPD). SGA was based on a birth weight below the 10th percentile [16].
Postnatal sepsis with a positive blood culture and/or NEC≥ stage 2
[17] were taken together as one variable (sepsis and/or NEC). BPD was
categorized as none or mild/moderate/severe BPD according to Ban-
clari (2006). To determine the presence and severity of brain injury all
neonatal MRI scans were reviewed by at least two experienced in-
vestigators (SS, FWB, AvS, TM), using the cerebral white matter and
cerebellar abnormality scores of a standardized MR imaging scoring
system [18]. The investigators had no knowledge of any clinical char-
acteristics or outcome data of the children except the GA at the time of
scanning. The severity of white matter and cerebellar injury was cate-
gorized as normal versus mild versus moderate/severe. Maternal edu-
cation was classified as low (primary school and lower general sec-
ondary school), intermediate, or high level (higher vocational school
and university) of education [19].
2.3. Statistical analysis
Statistical analyses were conducted using SPSS (version 23.0 IBM,
Armonk, NY, USA). Descriptive results for nominal variables were
presented as number of cases and percentages. Means and standard
deviations (SD) were reported for continuous variables. Binomial tests
for proportions were conducted to compare the percentage of children
in special (primary) education, the grade repetition rate and the per-
centages of children in each level of school performance to their Dutch
peers. To investigate the relation between perinatal factors, neonatal
brain injury, maternal education and school performance, children
were categorized in two groups: the lowest categories of school per-
formance (level D and E) versus the average and higher categories of
school performance (level A, B and C). Binary logistic univariate re-
gressions were conducted to study potential risk factors for school
performance on reading comprehension, spelling and mathematics.
Secondly, variables from the univariate analysis with a p-value of< .05
were included into a multivariate regression model. To adjust for the
effect that observations in twins are not independent, the multivariate
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analyses were conducted in a generalized estimated equations model
[20]. To adjust for multiple comparisons of the three outcome vari-
ables, reading comprehension, spelling and mathematics, a p-value
of< .017 (0.05/3) was seen as statistically significant.
3. Results
Information on school enrollment and grade repetition was avail-
able in 87 (77%) of the 113 children. Reasons for loss to follow-up were
refusal by parents/child (n=10), moved abroad (n=9) and loss of
contact (n= 7). Of one child, data on perinatal factors and information
on school enrollment and school performance were available, but the
MRI at TEA data were missing and therefore could not be reviewed.
There were no differences in perinatal factors, severity of brain injury
or level of maternal education between children with or without follow-
up. Table 1 shows the characteristics of the study population.
3.1. School enrollment and performance compared to the general
population of Dutch peers
Table 2 displays the outcomes on school enrollment. Overall, 87%
(76/87) of the preterm children were enrolled in mainstream primary
education. Eight percent (7/87) were enrolled in special primary
education, which is significantly higher compared to the 2.4% of chil-
dren who are enrolled in special primary education throughout the
Netherlands (p= .005). Five percent (4/87) of the preterm children
were enrolled in special education, which is comparable to their Dutch
peers. Within the group of children who enrolled in mainstream edu-
cation, 24% (18/76) received additional assistance in the classroom,
mostly through remedial teaching.
The percentage of children who repeated a grade, in both main-
stream and special education, was 22% (19/87). This is a significant
higher number (p= .000) compared to the 7.4% of children within the
Dutch population who repeat a grade in primary school until grade 3
(year 5). Differentiating between mainstream and special (primary)
education, 20% (15/76) of the preterm children in mainstream edu-
cation repeated a grade, and 36% (4/11) of the children in special
(primary) education. Most children, 74% (14/19), repeated the second
year of preschool education. In first grade, 21% (4/19) of the children
had to repeat a grade and 5% (1/19) in second grade.
Results of the nationwide standardized achievement tests were
available for 74 (65%) children, following regular and special (primary)
education, of the initial cohort. Table 3 shows that preterm children
more often performed within the lowest category (E) in reading com-
prehension, spelling and mathematics, compared to the 10% of their
Dutch peers. In reading comprehension, 20% (15/74) of the children
performed in level E (p= .006); in spelling, 19% (14/74, p= .014),
and in mathematics 27% (20/74, p= .000).
3.2. School performance in relation to perinatal risk factors, brain injury
and maternal education
Univariate regression analysis (Table 4) showed that sex
(B=−1.368, p= .009) and level of maternal education (B=−2.351,
p= .000) both predicted the performance on reading comprehension.
Males performed worse than females and children of mothers with a
Table 1
Perinatal characteristics and level of maternal education of the study po-
pulation.
Perinatal characteristics Participants (N=87)
Male sex (%) 50 (58%)
Part of twins or triplets (%) 31 (36%)
GA (weeks), mean ± SD 28.94 ± 2.0
BW (g), mean ± SD 1204 ± 359
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high level of education performed better. Males also had a poorer
performance in spelling (B=−1.658, p= .007). A poorer performance
in mathematics was predicted by the absence of BPD (B=1.054,
p= .031), presence of moderate/severe white matter injury on neo-
natal MRI (B=1.856, p= .003) and a lower level of maternal educa-
tion (B=−1.181, p= .000).
Tables 5a and 5b show the results of the multivariate regression
analysis for reading comprehension and mathematics. No multivariate
regression analysis was conducted for spelling, as only sex showed an
effect in the univariate analysis. Both male sex (B=−1.773, p= .004)
and a low level of maternal education (B=−2.737, p= .000) re-
mained independent predictors for a lower performance in reading
comprehension. The presence of moderate/severe white matter injury
(B= 1.601, p= .013) remained an independent predictor for mathe-
matics. The presence of BPD and level of maternal education did no
longer have a significant effect on the performance in mathematics.
Correction for multiple testing did not affect these results.
4. Discussion
This is, to our knowledge, the first study investigating classroom-
evaluated school performance in a prospective cohort of very preterm
children in relation to perinatal factors, brain injury and maternal
education. Other similar studies mostly reported on academic perfor-
mance as evaluated in a clinically controlled one-one-one environment
or based on individual information reported by parents or teachers
instead of using standardized tests in a school setting. School perfor-
mance is more than being able to comply with tasks, it is also about
being able to focus in a classroom full of distraction and being able to
motivate yourself. Results of the few studies that did include classroom-
evaluated school performance were inconclusive on performance in
reading comprehension and spelling, but found poorer performances of
preterm born children in mathematics. It has been known that birth
weight and gestational age are associated with cognitive and academic
outcomes. However, the relation between other perinatal factors, neo-
natal brain injury, maternal education and classroom-evaluated school
performance has remained unknown.
Within our study population, a high number of preterm infants was
enrolled in special primary education. This is in line with the results
from other studies [7]. However, the number of children enrolled in
special education, in other words, the children with severe hearing or
visual impairments, learning disabilities of psychiatric disorders, was
not higher compared to the general population. Within The Nether-
lands, the indications for special education are strict, the child's im-
pairment or learning disability needs to be severe. Also, in 2014 the
Education that Fits Act was introduced in The Netherlands, with the
purpose of keeping more children with special educational needs in
mainstream primary education. This has raised the threshold for chil-
dren to be referred to special education [21]. In 2014, most children in
our study population reached the age of seven and were enrolled in
primary school. The higher threshold therefore also applied to them.
This may have led to the relative high percentage (24%) of children
with additional support in mainstream education within our study po-
pulation. However, most children (87%) in our study population fol-
lowed mainstream education, either with or without additional support
or grade repetition.
Besides a higher need for special primary education, there was a
higher grade repetition rate for the preterm children within our study
population. The majority of these children repeated a grade in pre-
school, because it was considered that they were not ready for primary
school. Within the Netherlands, a relatively high number of children
(approximately 10%) repeat a year in preschool [22]. In our study
cohort, the percentage of children who repeated a grade in preschool
was 16% (14/87).
Looking at school performance, the preterm born children in our
Table 4
Univariate analysis, factors affecting school performance.
Reading comprehension Spelling Mathematics
B p B p B p
Male sex −1.368 .009 −1.658 .007 −0.551 .254
GA at birth 0.063 .609 0.089 .497 0.214 .086
SGA 0.495 .510 0.942 .223 0.395 .612
BPD 0.106 .825 0.128 .803 1.054 .031














































GA=Gestational age, BPD=Bronchopulmonary dysplasia, SGA= Small for Gestational Age, NEC=Necrotizing enterocolitis.
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Multivariate regression analysis, reading comprehension.
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study population had lower performances in reading comprehension,
spelling and mathematics, with the biggest proportion of preterm
children experiencing difficulties in mathematics. Already in preschool,
before the age of six, it is noticed that preterm born children have more
difficulties with numerical reasoning skills [6]. Mathematical difficul-
ties are associated with poorer internal representation of numbers,
which starts early on in life [23]. It is also known that impaired ex-
ecutive functioning is an important predictor for poor mathematical
performance in primary school, but not (already) in preschool [24].
Possibly this is due to the fact that the mathematical problems that
children face become more complex and are in need of a higher level of
neurocognitive abilities in order to solve them. Contrary to the early
findings of difficulties in numerical reasoning skills, preterm born
children do well in early linguistics in preschool [6]. However, this had
in our study population no positive effect on their performance in
reading comprehension and spelling.
Within the general population, there are some established factors
influencing school performance, such as sex and maternal education.
Studies have shown that there is a sex difference favoring girls in
reading and writing achievement, possibly relating to early advantages
in various language-related skills and therefor facilitating the learning
process of how to read and write [25]. Maternal education within the
general population is an established factor influencing IQ, executive
functioning and, therefore, school performance [26]. In our study po-
pulation, male sex was predictive of a lower performance in reading
comprehension and spelling and a lower level of maternal education
predicted a poorer performance in reading comprehension.
Some factors are known to influence neurocognitive outcome after
preterm birth, like birth weight and GA [27]. The influence of other
factors, such as the impact of neonatal brain injury, is still unclear,
ranging from limited predictive value of white matter injury for neu-
rocognitive and behavioral impairment [28], to the prediction of cog-
nitive delay by white matter abnormalities [29]. GA was not a predictor
of poor school performance in our study population, possibly due to the
restricted range of GA [30]. Neonatal moderate/severe white matter
injury was predictive of a lower performance on mathematics.
There is still a substantial unexplained residual variance when it
comes to predicting school performance [31]. Literature has identified
many variables that (might) influence school grades, such as factors
concerning the child itself, the quality of education and parental up-
bringing. This suggests that there are multiple ways of facilitating
cognitive development, despite the conditions in which a child is born.
4.1. Limitations
This study has limitations, one of them being the lack of reference
data collected from a term-born control group, matched for example on
socioeconomic status based on the level of maternal education.
However, we did have reference data of the general population of Dutch
peers. We experienced a relatively high loss to follow-up, due to the
seven year gap between the previous follow-up at two years of age and
this study's assessment. Because of the relative small number of chil-
dren, some associations might be less visible.
We conclude that more than half of preterm born children need
extra assistance in primary school, either through support in the
classroom, grade repetition or enrollment in special primary education.
Sex, white matter injury and maternal education were predictive of
school performance. Nearly half of the children struggled with mathe-
matical performance. Given the growing evidence that preterm born
children already lag behind in their numerical reasoning skills in pre-
school, it is important that these children are carefully watched and
offered additional support. Future research should therefore focus on
the development of intervention programs that may help parents and
teachers to support preterm born children on (pre)academic areas and
on the role of other factors possibly influencing academic performance,
such as parenting style and underlying dysfunctions.
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